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DECLARATION PURSUANT TO 37 CFR 1.131 

I , Yan-Yeung Luk, declare as follows: 

1 . I am a co-inventor of the subject matter claimed in the above-identified 
U.S. Patent Application. 

2, At the time of the invention of the subject matter claimed in the above- 
identified U.S. Patent Application, I was a graduate student working in the laboratory of 
Milan Mrksieh at The University of Chicago, Chicago, IL As a graduate student, I 
worked with Professor Mrksieh in areas including self-assembled monolayers (SAMs). 



3. Prior to August 12, 2000, Milan Mrksieh and I had conceived and reduced 
to practice in the United States the invention described and claimed in the above- 
identified U.S. Patent Application. This completion of the invention is evidenced by the 
following facts: 
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(a) The subject matter described in the publication "Self-Assembled 
Monolayers of Alkanethiol^tes Presenting Mannitol Groups Are Inert to Protein 
Adsorption and Cell Attachment" <Luk, Y-L.; Kato, M. and Mrksich, WL Langmuir 
2000, 16, 9604-9608), a copy of which is attached, is covered by the claims in 
the above-identified U.S. Patent Application. 

(b) Figure 1(B) on page 9605 of this publication illustrates a species 
covered by the substrate as recited in pending Claim 19. 

4. The above-identified publication is substantially identical to the 
manuscript submitted "in final form" to the publishing journal, and this "final form" 
manuscript was received by the publishing journal on June 29, 2000, as evidenced by 
the statement above the abstract on page 9604 of the publication. 

5. I declare that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the above applications or any patent granted therein. 
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Self-Assembled Monolayers of Alkanethiolates Presenting 
MannitoJ Groups Are Inert to Protein Adsorption and Cell 

Attachment 

Yan-Yeung Luk. Mihoko Kato F and Milan Mrksich* 
Department of Chemistry The University cf Chicago. Chicago. Illinois 60637 
Received March 27. 2000. In Final Form: June 29. 2000 

Thi$ paper reports on a model surface that Is Inert in biological fluids and chat is important lor studies 
in biQinterfadal science. A self- assembled monolayer (SAM) terminated in the mannitol group was found 
to prevent the adsorption of proteins and the attachment of cells. Surface plasmon resonance spectroscopy 
showed that the mannitol* terminated SAM prevented the adsorption of several proteins and was 
indistinguishable from a SAM presenting trifelhylene glycol) groups. In a second set of experiments, 
monolayers were patterned Into circular regions of hexadecanethiolate with the surrounding area terminated 
in the mannitol group in order to evaluate the inert surface for patterning cell attachment. 3T3 fibroblasts, 
attached to the circular regions, proliferated to occupy these region* completely and remained patterned 
on these regions for 25 days. The use of oltgo(ethyIene glycol)-ientunated SAM*, by contrast* showed a 
Ios« in fidelity of the pattern after one week m culture. The mannUol-terrxiinated monolayers significantly 
extend the time course for maintaining patterned cells and will have immediate utility In fundamental 
and applied biology. 



Introduction 

Self-assembled monolayers (SAMs) of alkanethiolates 
on gold are an important class of model substrate for 
mechanistic studies of the interactions of proteins and 
cells with surfaces, 1 A primary reason for the importance 
of these model substrates is the availability of SAMs that 
are inert, that is, SAMs that prevent the adsorption of 
protein and the attachment of cells. 2 Monolayers termi- 
nated in short oligomers of the ethylene glycol group 
(IOCHzCH^I^OH. n - 3-6) prevent the adsorption of 
virtually alt proteins under a wide range of conditions 
and are currently the most effective inert surface chem- 
istry. 5 This class of SAMs has been critical for developing 
methods to pattern the adhesion of cells. 1 * 5 to prepare 
surfaces that present ligands for selective interactions 
with proteins* and to design clcctroactrve dynamic 
substrates that can modulate the selective recognition of 
proteins. 7 

* To whom correspondence should be addressed. 
(I) (a) Mrksich. M. CtllMoL Uf* S&. 1*9*. 54, 653, (b) Mrksich. M.: 
WhiUskJes. C. M_ Amu. Rfv. Biophys. BiomoJ. Struct 199G. 25. 55- 

?a. 

P) (a) Prime. K_ U; WW i asides. G. O. X Am. Chan. Soc 1991. //£ 
107H-IO72). <b) Prime. K. U WhitesJdes. C. M. Select ittl. 
1I&4-II67. 

(3) ft) Sigal, G. B Mrksieh, M,; whitcrfdes, C. M, J. Am. Chetn. &*, 
/<U 2464-3473. (b) Mrksich. M.; WhlLesides. G. M. Clwilrtry 
and Biofc&it*) Applications of Ptfyeihylerte Glycol, Am. Chem. Soc. 
Synv*. Ser. 1W7, 6*0.361-373. 

M) (9) Mrksich. M.: DDl Cj L. Tten. J.; Iiwber. D. K: Wnitwldw, 
C. M. C±ll#&, 1M7 235. 305-3J3. ft) Chen. C. S,:Mrfcsich. M.; 
Muanft. S.i WhHcsidcs, C. ML; Ingber- D. E. Science 1997. 276. M2J- 
U2ft *cl Mrlislch. M.; Whkerides. C. M. TIQTfiCH. m$. jJL 228- 23$. 

(5) Patterned alkyktlovants on hydroxylaled substrates hnvt bc«n 

by regions of Subttrtle that are truly kurt or rendered inert by Ov* 
adsorption of protein. For examples, see (a) Jo, Park, K &toin*erials 
2000, £/.605"<ei6, ^Saneinriad.S-lSliOichet^M. S. J.&iamerf.M$M. 
««. 1941ft, 4% J3-I9. <t) Murphy. £. F.: Lu. J. R.: Brewer. J.; Russrtl. 
J.: P<*fWd, J. La^&tfuir /J, 1313-1322. 

(6) (a) Mrksich. ft.; Cry n we II, J. R.: WhitesTdo, C M, JL ,4m. <7*rt*, 
.Soc 1W5. JJ7, 12009-12010. (b) Houseman, B. T.; Mrksich. tA.Angcw. 
Oxm,. int. Ed En$l. 1»9. 39. 782-785. <t) Spink*, J.: Liley, M; 
Schmiu. f. J.; Cudcr. H. J.: Annermaitr. l_; KjvuI. W. J. Chcm Hhys. 
19d3. 5?. 7012-7019, 



Given the importance of inert surfaces, it is Surprising 
that there are so few functional groups that have been 
identified that render materials inert— and none that are 
as effective at preventing protein adsorption as are oligo- 
(ethylene glycol) groups when presented on SAMs. We 
reported that a monolayer presenting a Ui(propylene 
Sulfoxide) group was inert to protein adsorption and cell 
att^tfinrent* The selecti on the propyl eri^ 
was largely based on preserving three properties believed 
to be important with the glycol group: (i) the repeating 
unit is conformationally flexible; (ii) the sulfnMJcle group 
is a hydrogen bond acceptor but not a donor; and (iii) the 
sulfoxide group is water-soluble and self-repulsive. 
Whereas monolayers terminated irt this propylene sul- 
foxide group prevented protein adsorption, they were 
generally less effective and less Stable over time than were 
SAMs presenting oligo(ethylene glycol) groups. The syn- 
thetic route to the propylene sulfoxide oligomers is 
laborious* which further limits the utility of these mono- 
layers. Another early example was reported by Prime and 
WhitesJdes, who showed that a monolayer terminated in 
the carbohydrate maltose prevented protein adsorption. 2 
In that work, the lack of adsorption was demonstrated 
with ellipsometrte measurements, which required the 
substrate to be removed from solution, rinsed, and then 
dried prior to the measurement. Because this and related 
ex situ techniques cannot detect weak and reversible 
adsorption, it is not clear whether these monolayers will 
ultimately prove inert in settings where the substrate is 
in cofttdcl with a protein-containing solution for long 
periods of time. 

The development or identification of alternative func- 
tional groups that can render SAMs inert to protein 
adsorption and cell attachment is important for at least 

(7) (&) Yousar, M. N.: Mrksich. M. J. Am. Ch&n. Soc 1999. 
*286- 42B7_ (b) HotfndMd, C. H.; Mrfeicli, M, Langsnulr 1997. *X 
6001 -G003. (c) HodneJand. C H.:Mrksfch r M. J. Am. CAW- S**,2f0O. 
122. <d> YovKir, M. Hfltiseman. B. T.; Mrksich, M. 

Submit led for publication. 

W DwiR, L; Mi kflicb. M.; Whit<rtW«twG. M. J. Am. Chan. Soc. 1S96. 
//&5I3G-5137, 
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two reasons. First, it is probable that no one surface 
chemistry will be best suited to give an inert interface 
under aH conditions. The availability of several inert 
surface chemistries would permit optimization of the 
substrate properties for each unique application. Second, 
additional examples of inert surface? would aid in 
developing a mechanistic understanding of the key factors 
that underlie protein resistance. This improved under- 
standing wiO certainly lead to the development of surface 
modifications that are more practical to apply to common 
materials— for example, t hose based on polymer grafting- 
but retain the effectiveness of the model substrates. In 
this paper, we show that SAMs presenting the mannitol 
group are highly effective at prevent ing the adsorption of 
protein? and attachment of cells and that these monolayers 
are superior to SAMs of EG„OH for patterning the long- 
term adhesion of cells. 

Experiments and Results 

Experimental Design- Weiised two expcsirirraal procedures 
to evaluate the monolayers as inert surfaces * Surface plasmon 
resonance (SPft) spectroscopy measures the adsorption— or in 
the case of inert SAMs, the lack of adsorption—of protein to the 
monolayer. 10 SPR is well suited for characterization of protein 
adsorption because It measures adsorption in situ and can detect 
weak, readily reversible protein adsorption. For all moiwlayers. 
we investigated a panel of five proteins lhat spanned a range In 
molecular weight and pi In a second set of experiments, we 
evaluated the ability of the monolayers to pattern ihc long* term 
adhesion of Swiss 3T3 Fibroblast ceils. These experiments used 
monolayers that are patterned Into hydrophobic regions or 
hexadecaneU^olate (HDT) surrounded by the inert monolayer. 
Ceib initially attach only to the hydrophobic regions and 
proliferate to completely fill those regions after 2-3 days in 
culture* We compared the periods of time that the cells remain 
confined to the pattern—because the surrounding monolayer 
prevents attachment-to assess the effectiveness of the inert 
monolayer. The cell patterning experiments impose 0 ***** 
demanding environment tiian do ihe protein adsorption experi- 
ments, and hcntic r provide a more Stringent test or inertness, 

We compared protein adsorption and cell attachment on four 
different monolayers (Figure I). As a control monolayer that is 
not inert, we used a SAM of hexariccancthiolate thai presents 
hydrophobic methyl groups*! the surface. Monolayers terminated 
in the tr* (ethylene glycol) group were used as the current standard 
for inert surfaces. Each of the two add'n ional monolayers presents 
the mannitol group and differs only in the lengdi ol alkyl chain 
to which the mannitol group is appended (Figure J). Alkanethlol 
J a has an alkyl chain or eleven methylene unKs. which is the 
standard length inSAMs that are used in bio-interracial science. 
Alkane thiol lb has three fewer methylene units in the alkyl 
chain and was investigated with the goal of finding inert 
monolayers that are thinner overall. 

Measuring Adsorption of Protein. We used SPR to measure 
the adsorption of five proteins— fibrinogen, pepsin. ryS02yme. 
uisultn. and trypsin— to the Tour monolayers. 11 SPR measures 
changes In the refractive index of a solution near trie interface 
with a gold film by measuring changes in the angle at 



{9) The atkancthfols la and lb were each synthesized in a steps 
from commercially av&il&bfe reagents. All intermediates gave salisfac 
very 'H NMR and mass spectral data, CoW Substrate* w*r* prepared 
by evaporation of titanium <1.5 nm) »nd then grfd (40 nm) onto gl«S 
cover slips (0.20 m^w No. 2. Coming}. T** SAMs were prepared by 
immersing gold substrates of approximately I cm* methanol'* solutions 
of alfcaneUilol 12 mM) for 9 h. The SAMs were rinsed «iLh ethanot a** 
dried with ftiuegen before use. 

(10) (a)Mrk5ich.M.:Slg9l.C.B.; WWicsWcs-C- M./^r/WlMS. 
If r 4383-43S5. [b) Sigal, G. B.; MrfcwcK M,: Whiteside*. C. M. Lungmuir 
1997. IX 2749-2755. 

(11) All SPA experiments were performed on a BIAcore 1000 
instrument. Monolayer subsidies wei*> glued into plastic BlACorc 
cassettes with a two-part epOxy (Dtvron). Ffie$.pha it-buffered saline 
(PBS; 1 0 mM phosphate, 1 50 mM sodium chloride. pH ?>6) wdJ degassed 
under vacuum, and all protein solutions w**e fille/«d through QAS fim 
fillers before use. 
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Figure 1. (A) Structures of the alkanethlols used to prepare 
monolayers in this work. Alkanethtols la) and lb are both 
substituted with the mannitol group hut differ in the length of 
the poly(meihy)ene) chain. Alkanethlol 2 Is substituted with 
the tri (ethylene glycol) group. Hexadecanethiol (HDT) was used 
to prepare control monolayers that are not inert. 03) Schematic 
representation of rite majiniiol-terminated SAM. The confor- 
mation of the mannitol groups appended on the SAM has not 
been cstablishcd- 

whfch p-polarized light reflected from the glass/gold Interface 
has a minimum in Intensity. 10 SAMs were mounted kn a (low cell 
and experiments were performed by first flowing a phosphate- 
buffered saline (PBS) through the cell for 5 mln, then a solution 
of protein in the same buffer (0,5 mg/mL) for 5 mm, and then 
PBS for 5 mln Ihe rise In A& M upon Introduction of the protein 
solution is the sum of two contributions. The first is due to the 
increase in refract ive Index of the solut ion caused hy the dtootved 
protein— the "bulk effect"— and does not represent protein 
adsorption. The second contribution is due to the adsorption of 
protein to the SAM. The amount of protein that adsorbs 
irreversibly to the SAM is determined by comparing (he shift in 
before and after the SAM b exposed to protein. An Increase 
in B m of 0.1 'ittrresponds to an Increase In density of adsorbed 
protein of I n^rnrn* A" 

Figure 2 shows data for the adsorption of fibrinogen to the 
four SAMs. A complete monolayer of protein adsorbs to the SAM 
of hexadecanethiolate. The change In G* or 0.3 & Corresponds to 
a density of protein of 3500 pg/mm z _ The two monolayers 
presenting mannitol groups, by contrast, show essentially no 
adsorption of fibrinogen. This lack of adsorption is indistinguish- 
able from that on monolayers presenting tri (ethylene glycol) 
groups. Experiments with the four other proteins gave similar 
results and demonstrated that die rnanrdtpl group la broadly 
effective at preventing protein adsorption (Table 1). For all five 
proteins, the amount of irreversible adsorption was less than 2% 
of the total amount that adsorbed on the methyl-terminated SAMs 
(HOT). 16 

Patterning the Adhesion of Cells. Weevahiated the degree 
to which these monolayers could prevent tbeadheslonand growth 
of cells that were confuted to a patterned substrate; We patterned 
gold substrates by mJcrocontact printing* a set of circular regkms 
of hexadecanethiolate that were 2QO jjm >n diameter and then 
immersed the substrates In a solution of fa. lb. Or Z to assemble 
an inert monolayer on the rmrtprlnted areas. When a suspension 
of cells was added to culture wells containing the substrates. 11 
cells attached only to the methyl-terminated regions. For each 



(12) Albino rrc-Swis* fibroblasts (American Type Culture Col kc lor) 
were harvested from culture dishes with uypsui-EPTA, washed, and 
resuspended in DM EM Supplemented with lQ% fetal bovine scrum. 
The suspended cells were Added iq weljg (I DOW containing 
patterned monolayer substrates immersed in DMfeM supplemented 
with se'un. Serunv^upplcnicnted medium was exchanged with Fresh 
medium after 1 2 h »nd uSen every 5 days. Cell cultures were maintained 
at 37 C and photographed dairy with a Harnamatsu CCD camera 
through a 2*iss a*iove*t phase-contrast microscope (5 x magnification). 
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Table l. 


Adsorption oT Protein < 


>n Monolayers 










fibrinogen* 


pepsin 


lyxozyme 


insulin 


trypsin 


SAM 


dtickness" 






H kD. 11.4 


5.4 kO. 5-4 


24UD. 10-5 


la 


IS O A 


27' 


*I0 


19 


15 


<10 


lb 


15.7 A 


45 


12 


10 


25 


16 


Z 


13.5 A 


29 


<10 


<10 


<I0 


<)0 


HOT 


20.0 A 


3432 


1337 


J023 


688 


661 



- Thjdtnes* of the SAM measured by elUpsometry (±0.5 A). * All proiei n solutions were 0.5 mg/mL 1 n PBS (1 0 fuM phosphate. ISO mM 
sodium chloride pH - 7.6). f The amount of protein that remains adsorbed to the SAM was determined by SFR and is reported In units 
ofpg/rnm 2 . Each value for absorbed protein was taken from a jingle experiment and ha&a variance of approximately 5% across independent 
experiments. 'Molecular weight oT the protein, * p/ of U« protein. 

monolayers of lb rail at approximately two weeks, and mono- 
layers of la are effective for at least three weeks. 
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Discussion 

The most important result from this work is that S AMs 
presenting mannitol groups are highly effective as inert 
surfaces. SFR showed that monolayers of la and lb 
prevented the adsorption of several different proteins, 
including the 'sticky* protein fibrinogen. In this respect, 
the monolayers were indistinguishable from monolayers 
presenting tri(ethy]ene glycol) groups, which are the 
cuiTentst^o^rd for inert mo<tel surfaces. When evaluated 
for the ability to maintain the patterned adhesion of cells, 
we found that SAMs of la were superior to SAMs 
presenting tri(ethylene glycol) groups. In this and other 
work, we found that SAMs presenting tri (ethylene glycol) 
groups fail at approximately 7 days in culture. The 
n^nnitol-terminated SAMs, by contrast, maintained the 
pattern of adherent cells over as many as 25 days- We do 
not know whether the pattern fidelity persists for longer 
periods since these experiments were limited by the 
viability of the cells. We also do not understand the reasons 
for which SAMs terminated in oHgofetnylene glycol) groups 
fail. It is generally believed that oxidation of the glycol 
chains is involved, 13 but this supposition remains to be 
proven. 

The mechanisms by which inert monolayers prevent 
protein adsorption are not yet established. Theoretical 
considerations suggest that the absence of protein ad* 
sorption to poly (ethylene glycol) of high molecular weight 
is due to steric repulsion in the polymer, which is 
disfavored for two reasons." First, adsorption of protein 
to the polymer results in a compression of the glycol chains 
and is entropicalfy unfavorable since the ronrormational 
dynamics of the polymer chains are restricted. Second* 
this compression also results In denervation) of the 
polymer— as water molecules are transferred to the bulk— 
with a corresponding en thai pic penalty. These same 
factors, however, are probably not of central importance 
with rnojwtej^presentingshort oligomers of the ethylene 
glycol groups, since these short chains are confined at 
high density and probably cannot accommodate a high 
degree of solvation and conformational dynamics. 

Recent work by Crunze and co-workers suggests that 
the corporations of the ethylene glycol chains are crucial 
for inertness. 15 This work compared the structures of tri - 
(ethylene glycol)-terminated monolayers on gold and on 
Silver substrates; the latter were not inert to protein 
adsorption. Fourier transform infrared refleciion-ad- 

(15) Wlcland. B.; Lancaster. J, P,: Ho&fihutf. C. S.: Holota. f\; 
TofTtoutst, W, J. Lati&nuif 1396. 12. 2594-2601. 

(I4)<a) Harris. J. M_ P$ly{P.zhyf ClyCeJ} Ct*rtd&ry„ Plenum: New 
York, 1992. (t) Jttn, S. I.; Antfrade; J. D. J. Colloid interface ScL l$9l. 
142, 15d- 16& <c) Taunton.il. J.;TafMrakclahlu.C.;Fectcrs,L.J.; Kick** 
J, NMufit 1988. 332,712-7)4, 

1 1 5) Harder* P. ; Crunze, NL; Dahlnt. R_; Whtie$l<te& C- M. ; Lalblnhis. 
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Figure Z. Data from surface plasmon resonance spectroscopy 
for the adsorption of fibrinogen (0,5 mg/ml. protein in 10 mM 
phosphate, ISO mM sodium chloride. pH = 7.6) to each of ihe 
four SAMs. The monolayer is Indicated to the right of each ploL 
The rvJ&tfv$ change in angle of minimum reflectivity (A0„) is 
plotted as solutions are flowed over the SAM PBS boner was 
first flowed, replaced wtth a solution of protein In PBS, and 
then finally replaced with PBS- The periods of time during 
which protein and buffers were flowed over the SAM are 
Indicated above the plot. The curves are offset vertically for 
clarity 



of the substrates patterned with the inert monolayers <la„ 1 b. 
and 2). cells spread and proliferated to completely occupy these 
regions but did not invade the surrounding Inert regions- fhe 
period of time that cells remain confined to the patterned 
nrwnolayers provides a relative measure of the effectiveness of 
inert surface chemistries and a direct measure for identifying 
inert surfaces that are most effective for applications requiring 
long-term cell patterning. 

Albino 3T3^wi53nbrDbLasL5p£tterr^ 
kept at 37 In serum-containing media for four weeks. The 
media was exchanged every 5 days, and ce Us were photographed 
dally (Figure 3). In all cases, cells remained patterned to the 
circular regions of hexadctapethiolate for at least 6 days in 
culture. Th? Hi (ethylene gtycoO -terminated monolayers began 
to fail after 7 days, with cells spreading onto the inert regions. 
After 12 days, cells had migrated from the circular regions and 
divided to give a confluent monolayer of cells, with a complete 
loss or pattern. Monolayers terminated in the mannitol group 
(1 a) were substantially more effective at confiningceiis tor longer 
periods. Even after 21 days, cells remained completely confined 
to the patterns. After 25 days In Culture, the viability of the 
adherent cells decreased and therefore prevented an assessment 
of the monolayer over longer periods of time. Monolayers that 
presented the mannitol group on the shorter polymethyiene chain 
(prepared from altanetniot lb) were also more effective than 
monolayer? presenting the tri(ethylene glycol) group but were 
not as effective as monolayers of la. Monolayers of lb generally 
failed at two weeks In culture. We repeated these Jong-term 
patterning experiments on three separate occasions with con- 



JAN-16-20B4 10:04 



BHG & L 



312 321 4299 P. 



Self-Assembled Monolayers of Alkanethiolaies 

HO QH OH 

6hoh 



HO OH OH 
8 6HOH 



l^ngmuir. VoL /ft No. 24, 2000 9607 

on 




Day 21 



Day 25 



Figure 3. Attachment of 3T3 fibroblast cells toSAMs paUerned into circular regions of hexadecancthlolate (HDT) with surrounding 
regions or either ia r lb. or 2. Optical micrographs arc shown for cells attached to each of three patterned Frtoriolayers over a period 
of 25 days- The structures of the alHanethfpIs that comprise the inert regions <?f the patterned monolayers are indicated above each 
column of photographs. The number of days dial sub$iraLes were in culture is indicated to the left. 



sorption spectroscopy showed that the glycol chains adopt 
helical conformations when supported on gold substrates 
but adopt an extended, aJ I trans conformation when 
supported on silver substrates (in part because of the 
higher adsorbate density on silver). Further studio chat 
scanning force microscopy to compare the monolayers 
on gold and on silver revealed a .striking difference in I he 
properties of water at the interface. 1 * A scanning probe 

()£) Fddman. K.; Hahner. C; Spencer. N. D.; Harder. P.; Cmnfce. 
M.J.Am, Ch&Yi-$&c 1999. \2i, lOl34-lOUl. 



tip. modified to render it hydrophobic, experienced a 
repulsive interaction with the monolayer on gold~even 
at distances greater than 20 run, For the monolayer on 
silver, however, the tip experienced a 1 orr£T3ngc attractive 
interaction starling at about 35 nm from the interface. 
"Ineoretpcal calculations are in agreement with these 
results 13 and Suggest that the inert monolayers template 
an ordered solvent structure that prevents the approach 

(1 7) Per Uirt, A. J.. Ctwzc. M.; Carbuzwa. 1. J. Pftys. Cheat 
102. 49)8-402$, ' 
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of protein to the surface, and hence, prevents protein 
adsorption. 1 * We are now pursuing similar mechanistic 
studies to determine whether mannf toUerrmriated mono- 
layers prevent adsorption through a common mechanism, 
The manrtftol-ierminated SAMs are significant because 
they extend the time course over which cells can be 
patterned in culture. This enhancement is important for 
several applications that use cells as functional compo- 
nents, 1 * A primary example is the us* of genetically 
engineered cells for screening libraries of drug candi* 
dates. 14 There is now substantial effort directed at 
transferring cell-based assays from 9&wett titer plates to 
chip forma L This and other applications require substra tes 
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that can maintain patterned cell populations with excel- 
lent fidelity and over long periods of time. 

The mannitol - term inated SAMs described here are 
highly effective at preventing protein adsorption and 
extend the times over which cultured cells can be 
maintained in patterns. We believe these monolayers will 
find immediate utility for nindamental studies in cell 
biology and for patterning of cells onto chips for applica- 
tions in diagnostics and high throughput screening. 
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